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Eyes are uncommon specimens in community surgical pathology laboratories, and these specimens often are referred to tertiary care centers for consultation. In a large center with a busy ophthalmic practice, the types of lesions encountered vary with the type of ophthalmic practice. For example, in large oncology centers, most specimens are tumors.
Surgical eye specimens result from 3 surgical procedures. 1, 2 The first, enucleation, is a procedure that removes the entire eye from the orbit. It is used most commonly in the management of an intraocular malignant neoplasm, irreparable traumatic damage, or phthisis bulbi. 3 The second, evisceration, involves removal of only the contents of the eye; the sclera and the extraocular muscles are left intact. This procedure generally permits a more pleasing cosmetic result than that obtained after enucleation. It is not performed when an intraocular neoplasm is present or suspected. The occasional unexpected finding of a tumor in an evisceration specimen has decreased the number of eviscerations. 4, 5 The third procedure, exenteration, involves removal of the globe and all the soft tissues of the orbit. This somewhat mutilating surgical procedure is restricted to the management of malignant neoplasms with extensive involvement of the orbit and periocular tissues.
The purpose of the present study was to review the clinicopathologic characteristics of enucleation, evisceration, and exenteration specimens submitted for histologic examination at a single institution between January 1, 1990, and July 31, 2000, including those originating from both intramural and extramural sources, and to compare these findings with those reported in the literature.
Materials and Methods
This retrospective study was approved by the Mayo Foundation Institutional Review Board. Clinicopathologic data collected for each specimen included patient age and sex, laterality of disease, type of surgical procedure (enucleation, evisceration, exenteration), and primary clinical diagnosis. There were 6 major diagnostic categories: neoplasms, infectious or inflammatory diseases, atrophia or phthisis bulbi, changes related to glaucoma, chronic changes of retinal detachment, and recent trauma. Each major category was subdivided on the basis of the pathologic diagnosis.
Histopathologic slides from all cases were stained with H&E and periodic acid-Schiff, and some were rereviewed for categorization.
Neoplasms were grouped by diagnosis, and the intraocular melanomas were subdivided by location (choroidal or involving iris or ciliary body).
Phthisis bulbi was characterized by an eye, usually small (about half its expected diameter of 25 mm), that contained disorganized internal structure, thickened sclera, and, frequently, focal retinal pigment epithelial hyperplasia and bony metaplasia.
Specimens from patients with end-stage glaucoma were characterized by marked retinal atrophy, mainly in the ganglion cell and nerve fiber layers, associated with optic nerve head cupping and optic nerve atrophy. They were subdivided into angle-closure, neovascular, open-angle, and congenital forms. Angle-closure glaucoma was defined by the presence of adhesions between the cornea and the iris, fibrosis at the level of the trabecular meshwork, or, less commonly, descemetization or epithelialization at the angle region. In specimens from patients with neovascular glaucoma, the presence of a delicate fibrovascular proliferation was observed, forming a preretinal membrane or a membrane covering and flattening the iris surface (rubeosis iridis). Infantile glaucoma was diagnosed in specimens that showed changes of end-stage glaucoma from children and young adults who had a supporting clinical history of long-standing glaucoma.
Chronic changes of retinal detachment were characterized by the presence of retinal atrophy and reactive gliosis, sometimes associated with cystic degeneration and hyalinization of the retinal vessels.
Specimens were classified as recent trauma when the medical record indicated trauma as the primary reason for enucleation or evisceration. Moreover, eyes containing massive intraocular hemorrhage were classified in the trauma category even though a history of trauma was not always available. In contrast, the term remote trauma was used when the medical record revealed a history of old trauma or when the specimen showed evidence of old trauma, such as a healed scar. Because old trauma alone was not the reason for enucleation or evisceration, specimens were classified in one of the other main categories.
Demographic and clinicopathologic data were evaluated with means, medians, SDs, and ranges or with frequencies and percentages. The proportion of specimens with a particular diagnosis (vs all other diagnoses combined) was compared between male and female patients and between intramural cases and extramural consultation cases with use of the chi-square test and among age groups (younger than 18 years, 18-65 years, older than 65 years) with use of the chisquare test with ridit scores. Trends over time in the proportion of patients with a particular diagnosis (vs all other diagnoses combined) were evaluated with the Cochran-Armitage test for trend. All significance tests were 2-sided, and P values less than .05 were considered statistically significant.
Results

General Features
The study comprised 646 eyes from 644 patients, including 354 (55.0%) males, 289 (44.9%) females, and 1 undesignated (0.2%) ❚Figure 1❚. The mean (SD) age at diagnosis was 55 years (22.5 years) (median, 60 years; range, 2 months-102 years). Men were slightly younger than women.
Of the 646 eyes, 327 (50.6%) were right, 294 (45.5%) left, and 25 (3.9%) undesignated. A total of 365 specimens (56.5%) were submitted for evaluation by intramural sources, and 281 (43.5%) were extramural. Surgical procedures were enucleation in 523 specimens (81.0%), evisceration in 67 (10.4%), and exenteration in 56 (8.7%).
Enucleation Specimens
Enucleation was performed, in decreasing order of frequency, for treatment of tumors, end-stage glaucoma, atrophia or phthisis bulbi, recent trauma, chronic changes of retinal detachment, and infectious or inflammatory diseases ❚Table 1❚. Intraocular melanoma was the most common neoplasm (208/252 [82.5%]), and 160 (76.9%) were located in the choroid, 24 (11.5%) involved the ciliary body, 13 (6.4%) were in the iris, 7 (3.4%) were in the ciliary body and peripheral choroid ❚Image 1❚, and 4 (1.9%) involved the iris and ciliary body. In 6 specimens, meningiomas involving the optic nerve required enucleation.
Changes of end-stage glaucoma accounted for 12.8% of the enucleations (67 specimens). Of these, 32 specimens (48%) had morphologic features of neovascular glaucoma. Eight of the 32 patients (25%) had a clinical history of diabetes mellitus that was confirmed microscopically by the presence of thickened epithelial basal membrane in the pars plicata of the ciliary body. Twenty-nine specimens (43%) had changes consistent with angle-closure glaucoma.
Phthisis bulbi was diagnosed in 61 enucleation specimens. A definite preexisting condition was unspecified or impossible to be determined in 28 specimens (46%). A known history of remote trauma and its resulting changes were present in 22 (36%). Failure of various surgical procedures was responsible for enucleation in 8 cases (13%), and 3 specimens (5%) were from patients with diabetes mellitus.
A history of recent trauma with irreparable ocular damage accounted for 59 enucleation specimens (11.3%) ❚Image 2❚. Massive intraocular hemorrhage was observed in only 7. Recent trauma was the second most common diagnosis (19.1%) in specimens from patients younger than 18 years. It occurred more frequently in younger than in older patients (18-65 years, 12.1%; older than 65 years, 4.0%; P < .001) ❚Figure 2❚.
Evisceration Specimens
Among 67 evisceration cases, 26 (39%) were for infectious or inflammatory disorders ❚Table 2❚. Complicated keratitis and chronic changes related to endophthalmitis were the most frequent causes. Phthisis bulbi was the diagnosis in 26 cases (39%), among which 9 cases (35%) had an associated history of remote trauma.
Exenteration Specimens
Only 56 specimens were acquired by exenteration ❚Table 3❚. The majority (51 [91%]) were obtained in the management of a malignant tumor that involved orbital and periorbital soft tissues. Squamous cell carcinoma, originating in the eyelid or conjunctiva, was diagnosed in 17 specimens (30%). Adenoid cystic carcinoma from the lacrimal gland, basal cell carcinoma originating in the eyelid, and various orbital sarcomas were each diagnosed in 7 specimens (13%).
Neoplasia-Related Features
No statistically significant difference was observed in the proportion of specimens containing a neoplasm (vs all other diagnoses combined) among the 3 age groups (P = .31; Image 1). Of the 47 specimens from patients younger than 18 years, 27 (57%) had a tumor, and 22 of these were retinoblastomas ❚Image 3❚. Eighteen of the 22 were from patients aged 3 years or younger. One patient had bilateral retinoblastomas.
Age-Related Features
Surgical procedures performed for infection or inflammation were more common in patients older than 65 years than in the other 2 age groups (P < .001; Figure 2 ). Glaucoma also was more common in patients older than 65 years than in younger patients (P < .001). Changes related to glaucoma were diagnosed in 41 specimens from patients older than 65 years (16.3%) compared with no specimens from patients younger than 18 years.
Sex-Related Features
The proportion of specimens excised because of recent trauma was higher among males than among females (13.6%
A B ❚Image 1❚ A, Horizontal section of an eye (pupil-optic nerve section) shows an elevated, pigmented mass in the ciliary body and peripheral choroid causing retinal detachment and displacement of the lens (subluxation). B, High-power microscopic view of the same neoplasm shows a malignant melanoma composed predominantly of epithelioid cells (H&E, ×400).
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❚Image 2❚ A, Horizontal section of an eye (pupil-optic nerve section) shows massive intraocular hemorrhage as a result of traumatic injury to the globe, with rupture at the limbus and prolapse of intraocular contents through the wound. B, Low-power view of the same globe shows recent hemorrhage dissecting the ciliary body muscle fibers and causing cyclodialysis. The neurosensory retina is displaced anteriorly secondary to the subretinal and choroidal hemorrhage (H&E, ×40).
[48/354] vs 5.2% [15/291]; P < .001) ❚Figure 3❚. In contrast, infectious or inflammatory diseases affected 42 specimens (14.4%) from female patients compared with only 23 (6.5%) from male patients (P < .001). The proportion of all other diagnoses was not statistically significantly different between male and female patients.
Time-Related Features
The percentage of procedures performed for tumors decreased over time (P < .001) ❚Figure 4❚. Conversely, the percentage of procedures increased for glaucoma and atrophia or phthisis bulbi (P < .001 and P = .049, respectively). No significant change was observed in the percentage of procedures for trauma and infection or inflammation (P = .60 and P = .48, respectively).
Source-Related Features
The percentage of specimens differed considerably in each diagnostic category when intramural and extramural sources were compared. Neoplasms were more common among intramural specimens than in extramural consultation cases (208/365 [57.0%] vs 98/281 [34.9%]; P < .001). Conversely, glaucoma, chronic retinal detachment ❚Image 4❚, and atrophia or phthisis bulbi were diagnosed more frequently in extramural consultation specimens (P < .001).
Discussion
In our study, malignant neoplasm was the most common diagnosis related to the removal of an eye. Malignant melanoma of the uveal tract was the most frequently diagnosed tumor in specimens obtained by enucleation, the preferred surgical procedure. The next most common causes for enucleation, in decreasing order, were end-stage glaucoma, phthisis bulbi, and recent trauma. Malignant tumors were almost the sole reason for exenteration, and eviscerations were usually performed for chronic keratitis, endophthalmitis, atrophia or phthisis bulbi, and changes related to glaucoma. The proportion of tumors was higher among intramural cases, and a larger proportion of specimens showed phthisis bulbi and changes related to glaucoma or chronic retinal detachment in the extramural consultation cases (P < .001).
The age distribution was similar to that reported by others. [6] [7] [8] The mean age of 55 years (SD, 23 years) is comparable to that of 57 years (SD, 22 years) reported by de Gottrau and colleagues 6 and 59 years (no SD) reported by Hansen et al. 9 Males predominated in our study, as has been reported in other surgical series. [6] [7] [8] [9] [10] [11] [12] In our practice, tumors predominated over traumarelated abnormalities among eye surgical specimens. Similar results were observed by Hansen et al. 9 These authors suggested that this discrepancy might be explained by the uneven distribution of patients with malignant ocular tumors who were referred to tertiary care centers. This is supported by our observation of a larger number of neoplasms among intramural cases than among extramural consultation cases. Most extramural consultation cases originated from community hospitals. Patients clinically suspected of having an ocular tumor usually were referred to larger centers for treatment, where, in most instances, an ophthalmic pathologist was available. 9 In other studies, however, trauma has been the leading cause for enucleation and evisceration. 6, 7, [10] [11] [12] Among these was an epidemiologic study 7 that reported the incidence of enucleation in the Olmsted County, MN, population. The results supported the overall impression that if referral patients were excluded in a tertiary care center, the 
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❚Image 3❚ A, Horizontal section of an eye (pupil-optic nerve section) shows a white chalky mass filling most of the posterior cavity, with extension to the posterior lens capsule. Tumor seeding is observed superiorly in the retina and inferiorly to the main mass. B, High-power microscopic picture of the same neoplasm shows a well-differentiated retinoblastoma characterized by the presence of numerous Flexner-Wintersteiner and Homer Wright rosettes (H&E, ×400).
incidence of new ocular neoplasms in a population would be low, and trauma would remain a common reason for enucleation and evisceration. A history of trauma was documented in approximately one third of the eyes enucleated for phthisis bulbi. Although recent advances in the management of ocular injuries have resulted in an increased salvage rate of severely injured eyes with reduced need for evisceration or enucleation, a decrease in the number of procedures related to trauma over time was not observed in the present study. The higher frequency of males undergoing enucleation for recent trauma is not surprising, because this finding is well supported by previously published studies. 6, 13 We found a higher frequency of infectious or inflammatory conditions resulting in enucleation or evisceration in women than in men, similar to the findings of previous studies. 6, 13 Chronic keratitis, keratitis with complicating endophthalmitis, or endophthalmitis alone represented 5.9% of the enucleations and 36% (24/67) of the evisceration specimens in our study. By comparison, microbial keratitis resulting in loss of the eye was observed in 1.8% of patients with corneal ulcers admitted to the Wills Eye Hospital, Philadelphia, PA, from 1989 to 1995. 14 Ulcerative keratitis preceding bacterial endophthalmitis and leading to surgical removal of the eye was reported by Margo 15 in a series of 18 cases. Complications of diabetes mellitus that lead to removal of the globe are uncommon. 11 In our study, the percentage of surgical procedures for tumors decreased significantly over time (P < .001). A decreasing trend in enucleations has been reported by others. [7] [8] [9] This trend probably reflects newer and more effective globe-sparing treatments for the management of neoplasia. However, the percentages of procedures for trauma and for infectious or inflammatory diseases did not change significantly over time (P = .60 and P = .48, respectively). Our data suggest a slight increase in the number of enucleations and eviscerations for ocular atrophy and phthisis (P = .049) and a significant increase in these 
